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EP 1 897 606 A2
Description
Technical Field

[0001] The presentinvention relates to a process for preparing a porous polyvinylidene fluoride resin membrane. The
membrane is excellent in chemical resistance, mechanical properties and water permeability and is therefore
suitable for treatment of highly viscous liquids.

Background Art

[0002] Polyvinylidene fluoride resins (PVDF) have been used as materials for porous resin membranes which are
excellent in chemical resistance, heat resistance and mechanical properties.

[0003] In connection with these porous polyvinylidene fluoride resin membranes, for example, U.S. Pat. No. 5,022,990
discloses a process for producing a porous polyvinylidene fluoride membrane which comprises blending a polyvinylidene
fluoride resin with an organic liquid and an inorganic particulate material and subsequently melt molding the resulting
blend in the form of a hollow fiber, tubular or flat membrane. The porous membrane prepared with this process has a
uniform, three-dimensional, network structure. Particularly, an example of the U.S. patent describes a porous hollow
fiber membrane having an inside diameter of 1.10 mm and a wall thickness of 0.45 mm. However, if the inside diameter
is increased to larger than this value during the process, the membrane pressure resistance lowers because the mem-
brane wall stretches thin as the inside diameter increases. On the other hand, if both the inside diameter and the wall
thickness are increased to larger than these values during the process, then there is the problem that the resulting porous
hollow fiber membrane has such a decrease in water flux as to be impractical.

[0004] JP-A-1224005 suggests that a polyvinylidene fluoride hollow fiber membrane having a three-dimensional re-
ticular structure and having 0.01 - 5 mp. mean pore diameter, 20 - 80% porosity, 0.05 - 10 mm inner diameter, and 0.05
- 5 mm wall thickness can be formed by microphase separation or mixed extraction. The base membrane is deaerated
under pressure in a reaction vessel, and then the membrane and the pore surface are preferentially fluorinated by
gaseous fluorine. By this method, a double-layered hollow membrane having 5 - 40% fluorination rate with a polyvinylidene
fluoride is obtained.

[0005] It has heretofore beenimpossible for any conventional technique to provide a porous hollow fiber polyvinylidene
fluoride resin membrane which has excellent pressure resistance and high water flux despite having a large inside
diameter and which is therefore suitable especially for treatment of highly viscous liquids.

Disclosure of the Invention

[0006] Itis an object of the present invention to provide a process for producing a porous hollow fiber polyvinylidene
fluoride resin membrane which is excellent in pressure resistance and water permeability despite having a large inside
diameter.

[0007] The present invention provides a process for producing a porous hollow fiber polyvinylidene fluoride resin
membrane, which comprises:

- blending a polyvinylidene fluoride resin with an organic liquid and an inorganic particulate material,

- heat melting the resulting blend at a temperature of 60°C or more above the melting point of the resin during the
melt extrusion process, and continuously extruding the molten blend in the form of a hollow fiber, and

- passing the resulting hollow fiber-shaped extrudate through the air between the hollow fiber spinning nozzle and a
cooling bath, and taking up said extrudate.

[0008] Application No 98928604.2, published as EP-A-1010457, describes and claims a porous hollow fiber polyvi-
nylidene fluoride resin membrane, wherein the membrane has a unitary, three-dimensional, network pore structure
composed entirely of a polyvinylidene fluoride resin and has an inside diameter of 1.5 - 5 mm and a wall thickness of
0.5 - 2 mm and wherein the relationship between membrane bubble point (measured by ASTM F-316-86 Test Method
A.8), and water flux per unit wall thickness is such that a plot of bubble point expressed in units of 0.1 MPa against water
flux per unit wall thickness expressed in units of 1/m/hr/0.1 MPa lies on or above the curve shown in FIG. 1.

[0009] The present invention is divided out of the disclosure of EP-A-1010457.

Brief Description of the Drawing

[0010]
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EP 1 897 606 A2
FIG. 1 shows a relationship between membrane bubble point and water flux per unit membrane wall thickness.
Best Mode of Practicing the Invention

[0011] As polyvinylidene fluoride resins from which the porous membrane is prepared, there are vinylidene fluoride
homopolymers and copolymers. Examples of the vinylidene fluoride copolymers used according to the present invention
include copolymers of vinylidene fluoride and one or more selected from the group consisting of tetrafluoroethylene,
tetrafluoropropylene, trifluoromonochloroethylene and ethylene. Preferably, the vinylidene fluoride homopolymers are
used. Further, mixtures of these polymers may also be used.

[0012] The porous hollow fiber membrane obtainable using the present invention, which is composed entirely of a
polyvinylidene fluoride resin, has a unitary, three-dimensional, network pore structure throughout the whole thereof.
Further, the membrane has highly uniform micropores with openings on the membrane surface at a high ratio without
the presence of macrovoids therein although it has a large wall thickness.

[0013] The porous hollow fiber membrane typically has an inside diameter of 1.5 - 5 mm and a wall thickness of 0.5
- 2 mm. The excellent pressure resistance which results from the large inside diameter and the thick wall of the porous
hollow fiber membrane makes it possible to subject a highly concentrated and highly viscous liquid to crossflow or
circulation filtration at a high linear velocity while keeping a lower pressure loss in the bore of the membrane. If the inside
diameter of a porous hollow fiber membrane is less than 1.5 mm, the permeate-to-feed concentration ratio does not
increase while filtering a highly viscous liquid because of its large pressure loss in the bore of the membrane. If the inside
diameter of a hollow fiber membrane exceeds 5 mm, the surface area of the membrane which can be housed in a module
is too small for practical use because of the limited capacity of the module. In view of the relationship between the
pressure loss in the membrane bore and the membrane surface area, the inside diameter ranges preferably from 1.7
mm to 4 mm and more preferably from 2 mm to 3.5 mm.

[0014] As the membrane wall thickness increases, the membrane pressure resistance improves but pressure loss
becomes larger within the flow channels in the direction of the wall thickness, so that water permeability tends to degrade.
In view of the relationship between the membrane pressure resistance and the water permeability, the wall thickness
ranges preferably from 0.5 mm to 2 mm.

[0015] The porous hollow fiber polyvinylidene fluoride resin membrane which has such a large inside diameter and
wall thickness as mentioned above, has a pore diameter ranging preferably from 0.8 to 3.4 and more preferably from
1.3 to 3.3 in terms of the bubble point expressed as a multiple of unit 0.1 MPa.

[0016] Furthermore, the porous hollow fiber polyvinylidene fluoride resin membrane has a relationship between bubble
point (expressed as a multiple of unit 0.1 MPa) and water flux per unit wall thickness (expressed as 1/m/hr/0.1 MPa at
25°C) which is on or above the curve shown in FIG. 1.

[0017] The presentinvention will be described below with reference to a typical production method of a porous hollow
fiber polyvinylidene fluoride resin membrane.

[0018] According to the present invention, the production method of the porous hollow fiber polyvinylidene fluoride
resin membrane comprises blending a polyvinylidene fluoride resin with an organic liquid and an inorganic particulate
material; heat melting the resulting blend at a temperature of 60°C or more above the melting point of the resin; extruding
the resulting molten blend in the form of a hollow fiber; passing the resulting hollow fiber-shaped extrudate through the
air between the hollow fiber spinning nozzle and a cooling bath; and taking up the extrudate.

[0019] In membranes having a homogeneously porous structure at a given pore diameter, membrane wall thickness
and water flux are inversely proportional. A thin porous hollow fiber membrane having a wall thickness of 0.40 mm or
less may be prepared by a conventional spinning technique. The membrane thus prepared has a relatively homogeneous
structure, irrespective of spinning conditions, and the water flux of the membrane tends to be almostinversely proportional
to its wall thickness.

[0020] However, if the wall thickness is further increased during the production of the hollow fiber membranes under
the conventional spinning technique, the structure of the membranes tends to become asymmetrical or heterogeneous,
and thus it is impossible to obtain a homogeneous structure in the direction of the wall thickness. For such membranes,
even if their pore diameter is the same as that of the membranes with a homogeneously porous structure, a decrease
in the water flux with increasing wall thickness will be larger than that indicated by an inversely proportional relationship
between wall thickness and water flux of the homogeneously porous membranes. Porous hollow fiber membranes such
as those obtained according to the present invention, having a wall thickness of 0.5 mm - 2 mm and a large water flux,
cannot be obtained by the conventional production methods.

[0021] The membrane production process of the present invention comprises a combination of steps which include
blending of a polyvinylidene fluoride resin with an organic liquid and an inorganic particulate material; heat melting of
the resultant blend at a temperature of 60°C or more above the melting point of the resin (which has not been performed
in any conventional technique); passing the resulting hollow fiber-shaped extrudate through the air; and taking-up of the
extrudate. This combination of the steps provides a membrane which has excellent permeability and highly uniform
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micropores with openings on its surface at a high ratio despite having a large wall thickness.

[0022] The polyvinylidene fluoride resins used in accordance with the present invention include vinylidene fluoride
homopolymers and copolymers. As the vinylidene fluoride copolymers, there are used copolymers of vinylidene fluoride
and one or more selected from the group consisting of tetrafluoroethylene, hexafluoropropylene, trifluoromonochloroeth-
ylene and ethylene; however, the vinylidene fluoride homopolymers are preferably used. These polymers may be used
in combination.

[0023] The polyvinylidene fluoride resin used in the present invention has a weight average molecular weight (Mw)
ranging preferably from 100,000 to 600,000. If a polyvinylidene fluoride resin having a weight average molecular weight
(Mw) of less than 100,000 is used, the resulting porous membrane is brittle because the tensile elongation of the
membrane is 50 % or lower, so that the use of such a membrane would be impractical. If a polyvinylidene fluoride resin
having a Mw of more than 600,000 is used, the moldability of the resulting blend becomes unacceptable when the blend
is extruded in the form of a hollow fiber because of low melt flowability of the resin and further, the average pore diameter
becomes smaller than 0.01 um on the surface of the hollow fiber membrane having a network structure composed of
the resin. This results in an undesirably decrease in pore opening area and porosity and in degradation of water per-
meability.

[0024] The organic liquid used according to the present invention is required to be a liquid which is inactive in the melt
molding process. The solubility parameter (hereinafter referred to as SP) of the organic liquid ranges preferably from
8.4 to 10.5 and more preferably from 8.4 to 9.9. Such an organic liquid having the above-mentioned SP range may be
dissolved in the polyvinylidene fluoride resin to a proper degree in the melt molding process and may be mostly adsorbed
on the surface of an inorganic particulate material in the resulting extrudate when the extrudate is cooled and solidified.
This makes it possible to provide the resulting blend with excellent moldability and to improve extractability of the
particulate material and the liquid from the extrudate, thereby facilitating production of a porous hollow fiber membrane
having excellent mechanical strength.

[0025] If the SP of the organic liquid exceeds 10.5, the high solubility of the liquid in the polyvinylidene fluoride resin
under a molten condition tends to prevent microphase separation at the time of cooling. This increases the melt-bonding
between the resin molecules, which results in increased membrane mechanical strength, and yet decreases the pore-
forming effect of the organic liquid, which brings about a large shrinkage of the resulting hollow fiber-shaped extrudate
upon extraction of the organic liquid and the inorganic particulate material. This shrinkage results in a decrease in porosity
and deterioration in appearance of the resulting membrane. On the other hand, if the SP of the organic liquid is less
than 8.4, the low solubility of the organic liquid in the molten resin brings about the liberation of the organic liquid during
the melt molding process, which results in the prevention of melt-bonding between the resin molecules, the degradation
in the moldability of the resulting blend, an increase in average pore diameter in the network structure of the resulting
polyvinylidene fluoride resin membrane, and a decrease in the tensile strength and the tensile elongation of the membrane.
[0026] Examples of the organic liquids having an SP of 8.4 - 10.5, which are employed according to the present
invention, include phthalic esters such as diethyl phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate (DiOP), bis
(2-ethylhexyl) phthalate (BEHP) and the like; phosphoric esters and the like. Of these, bis(2-ethylhexyl) phthalate, dibutyl
phthalate and mixtures thereof are particularly preferred.

[0027] The inorganic particulate material employed in the process of the present invention functions as a carrier for
retaining the organic liquid and as nuclei in microphase separation. Specifically, this material prevents liberation of the
organic liquid during the melt molding process to increase moldability and functions as nuclei for microphase separation
to facilitate a high-degree of microdispersion of the organic liquid, which strictly prevents aggregation of the dispersed
liquid particles. In addition, the inorganic particulate material functions as a substance for membrane pore formation in
combination with subsequent extraction of the material.

[0028] Among inorganic particulate materials, silica is preferred and especially, hydrophobic silica is preferred. The
hydrophobic silica refers to a silica of which the surface is converted from hydrophilicity to hydrophobicity by the chemical
substitution of the silanol groups in the hydrophilic surface layer of the silica with methyl groups of an organosilicon
compound such as dimethylsilane, dimethyl dichorosilane or the like. Preferably, the hydrophobic silica has an average
primary particle diameter of 0.005 - 0.5 . m, a specific surface area of 30 - 500 m2/g and a methanol wettability (MW)
of 30 % by volume or more in terms of the volume of methanol completely wetting the silica. The hydrophobic silica
prevents its aggregation during the melt molding process and is superior to a hydrophilic silica in affinity for the hydrophobic
polyvinylidene fluoride resin and the organic liquid to thereby attain a high-degree microdispersion of the hydrophobic
silica. Presumably, this may prevent formation of macrovoids and makes it possible to provide a porous polyvinylidene
fluoride resin membrane having a macrovoid-free, uniform, three-dimensional, network pore structure composed of
micropores throughout the membrane.

[0029] Inthe process of the present invention, the blend of the above-mentioned starting materials typically comprises
35 - 50% by weight of the polyvinylidene fluoride resin, 30 - 45% by weight of the organic liquid and 20 - 30% by weight
of the inorganic particulate material.

[0030] If the content of the polyvinylidene fluoride resin is less than 35% by weight, the moldability of the blend is not
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preferable and the mechanical strength of the resultant porous membrane is low since the quantity of the resin is too
small. If the resin content exceeds 50% by weight, on the other hand, the resultant porous membrane is low in porosity,
so that water flux tends to decrease.

[0031] If the content of the organic liquid is less than 30% by weight, contribution of the organic liquid to pore formation
is decreased to lower the porosity of the resulting membrane to less than 40% and it is therefore difficult to obtain an
effective porous membrane. On the other hand, if the content of the liquid exceeds 45% by weight, it is difficult to obtain
a porous membrane which is excellent in mechanical strength because of the difficulty in molding of the blend.

[0032] If the content of the inorganic particulate material is less than 20% by weight, the amount of the material is not
sufficient for adsorption of the organic liquid necessary for production of a practical porous membrane, so that the
inorganic particulate material cannot be kept in a pulverized or granular condition, which makes it difficult to mold the
blend. On the other hand, if the content of the particulate material is more than 30% by weight, the melt flowability of
the blend is deteriorated and the resultant porous membrane tends to be brittle.

[0033] According to the present invention, a blend used for melt molding primarily comprises three materials which
include a polyvinylidene fluoride resin, an inorganic particulate material and an organic liquid. If necessary, lubricants,
antioxidants, ultraviolet absorbers, plasticizers and other molding additives may be added to the blend in such quantities
that they do not have an unwanted influence on the resultant porous membrane.

[0034] These three materials may be blended with each other according to an ordinary blending method by use of a
blender such as a Henschel mixer, V-shaped blender, ribbon blender or the like. As an order of blending the three
materials, there is a blending method which comprises blending of the inorganic particulate material with the organic
liquid to cause the particulate material to sufficiently adsorb the organic liquid and subsequent blending of the polyvi-
nylidene fluoride resin with the resulting blend. This blending method is more advantageous than the simultaneous
blending of the three materials for enhancing the melt moldability of the resulting blend and increasing the porosity and
mechanical strength of the resulting porous membrane. The blend is melt kneaded with a melt-kneading apparatus such
as an extruder, a Banbury mixer, a twin-roll mill, a kneader or the like. The resulting kneaded blend is melt molded in
the form of a hollow fiber through a die designed therefor. The blend may also be melt kneaded and extruded into a
hollow fiber membrane in a continuous process by use of an apparatus such as an extruder, a kneader or the like which
functions to both melt knead and melt extrude therein.

[0035] According to the present invention, it is necessary to heat melt the blend during the melt extrusion process at
a temperature of 60°C or more above the melting point of the polyvinylidene fluoride resin in order to prepare a porous
hollow fiber membrane having a large inside diameter, a large wall thickness and excellent water permeability. If a porous
hollow fiber membrane having a large inside diameter and a large wall thickness is extruded without heat melting the
blend at such a temperature of 60°C or more above the melting point of the resin as in the present invention, the water
flux of the membrane is lowered because uniform pores are not formed throughout the membrane. It is thought that the
heat melting of the blend at a temperature of 60°C or more above the resin melting point increases solubility of the
organic liquid in the molten resin, further promotes homogeneity of the molten blend of the resin and the organic liquid,
and lowers the viscosity of the molten blend to make the microdispersion of the solid inorganic particulate material more
uniform. Presumably, the uniformity of the microdispersion leads to that of microphase separation in the subsequent
process of cooling, which causes the resulting membrane to have a uniformly porous structure despite having a large
wall thickness, so that the membrane exhibits excellent water permeability. The maximum temperature in the melt
kneading and/or melt extrusion of the present invention is the decomposition temperature of the poly-vinylidene fluoride
resin.

[0036] According to the present invention, after the blend is extruded in the form of a hollow fiber, it is necessary to
pass the resulting extrudate through the air between a hollow fiber spinning nozzle and a cooling bath and to take up
the extrudate. The passing of the extrudate through the air for a distance may increase the pore opening ratio on the
surface of the porous membrane, which results in an increase in the water flux of the membrane. The distance for passing
the hollow fiber-shaped extrudate through the air depends on its take-up rate and ranges preferably from 20 to 150 cm
and more preferably from 30 to 100 cm. If the distance is less than 20 cm, the water flux of the resulting membrane is
decreased because quenching of the extrudate forms a skin layer having a lower pore opening ratio on membrane
surface. The distance in excess of 150 cm deteriorates the tensile strength of the molten extrudate in the form of a hollow
fiber, so that the uniformity of the hollow fiber diameter is difficult to obtain because of diameter fluctuation.

[0037] The cooling bath is necessary for the final setting of the extrudate in the form of a hollow fiber. Examples of
cooling media which are preferably employed include water and plasticizers. The cooling bath may be replaced by
contact with a cooled gas.

[0038] Extraction of the organic liquid from the obtained hollow fiber-shaped extrudate is followed by that of the
inorganic particulate material from said extrudate. Solvents used to extract the organic liquid are required to be those
that are capable of dissolving the liquid without substantially dissolving the polyvinylidene fluoride resin. Examples of
the solvents used for the extraction include methanol, acetone, methyl ethyl ketone and the like, but halogenated hy-
drocarbons such as methylene chloride, trichloroethylene and the like are particularly preferable. Examples of solvents
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used for extraction of the inorganic particulate material include aqueous alkaline solutions such as aqueous sodium
hydroxide solutions and aqueous potassium hydroxide solutions. Further, it is possible to extract the organic liquid and
the inorganic particulate material at the same time by use of an alcoholic solution of sodium hydroxide or the like.
[0039] Furthermore, it is possible to stretch the porous hollow fiber membrane in order to increase the pore size and
porosity after extraction of either or both of the organic liquid and the inorganic particulate material.

[0040] A direct or relative decrease in resin content makes it possible to prepare a porous hollow fiber membrane
having a BP of less than 0.8 (expressed as a multiple of unit 0.1 MPa) but deteriorates the moldability of the resulting
blend and decreases the mechanical strength of the resulting membrane to such an extent that said membrane may
not be fit for practical use. An extreme increase in the resin content or quenching of a molten extrudate makes it possible
to prepare a porous hollow fiber membrane having a BP of more than 3.4 (also expressed as a multiple of unit 0.1 MPa)
but decreases membrane porosity and forms a skin layer on the membrane surface, so that it is difficult to obtain an
improved water permeability.

[0041] Hereinafter, the present invention will be described in more detail with reference to the following examples,
which are not to be construed as limiting the present invention. The properties described herein were determined by the
following methods.

(1) Weight average molecular weight (Mw): Measured by GPC in terms of the molecular weight of polystyrene.

GPC equipment: Model LS-8000, manufactured by Toyo Soda Kogyo K.K., Japan.
Column: GMHXL
Solvent: Dimethylformamide

Column temperature:  40°C

(2) Solubility parameter (SP): Calculated by the following formula (the formula of P.A. Small):

SP = d),G/M

wherein d is specific gravity, G is molar attraction constant and M is molecular weight.

(3) Methanol wettability (MW): % by volume of methanol with which a particulate material is completely wetted. 0.2
g of the particulate material is placed in a beaker and 50 ml of purified water is added thereto. Methanol is introduced
below the surface of the water under agitation with a magnetic stirrer until any particulate material is not observed
on the surface of the water. The total amount of the methanol introduced is measured and MW (% by volume) is
calculated by the following formula:

MW = 100 x Y/(50 + ¥)

wherein Y represents the volume of methanol introduced (ml).
(4) Average pore diameter (nm): Measured by the half-dry method prescribed in ASTM F316-86, Test Method B.

Impregnating liquid used:  Denatured ethanol (surface
tension: 22.3 dyn/cm at 25°C)

(5) Maximum pore diameter (nm): Measured by the bubble point method prescribedin ASTM F316-86, Test Method A

Impregnating liquid used:  Denatured ethanol (surface
tension: 22.3 dyn/cm at 25°C)

(6) Membrane bubble point (0.1 MPa).

Measured by step 8 of the bubble point method prescribed in ASTM F316-86, Test Method A.

(7) Water flux per unit wall thickness (1/m/hr/0.1mPa at 25°C: A porous hollow fiber is cut in a length of 20 cm. The
quantity of permeate through the fiber is measured at a trans-membrane pressure of 0.1 MPa at 25°C for one minute.
The water flux per unit membrane wall thickness is calculated from the quantity of the obtained permeate by the
following formula:
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water flux/unit wall thickness
= quantity of permeate x membrane wall thickness

x 60/ (fiber length x fiber ID x II )

Example 1 (this invention)

[0042] 23.1% by weight of hydrophobic silica (Japan Aerosil R-972, trade name) having a MW of 50%, an average
primary particle diameter of 16 nm and a specific surface area of 110 m2/g; 30.7% by weight of bis (2-ethylhexyl) phthalate
having a SP of 8.9; and 6.2% by weight of dibutyl phthalate having a SP of 9.4 were blended together in a Henschel
mixer. To the resulting blend, 40.0% by weight of polyvinylidene fluoride (Kureha KF Polymer #1000, trade name) having
a Mw of 242,000 and a melting point of 177°C was added, followed by further blending with each other in said Henschel
mixer.

[0043] The resultant blend was melt kneaded and was pelletized with a twin-screw extruder having a barrel diameter
of 30 mm. The resulting pellets were melt kneaded at 250°C by use of a twin-screw extruder having a barrel diameter
of 30 mm and equipped with an annular hollow fiber spinning die nozzle and was then extruded through the nozzle
having an outside diameter of 5.8 mm and an inside diameter of 3.5 mm. The resulting extrudate was cooled while
passing it through the air for a distance of 30 cm, further cooled in a water bath and taken up at a spinning rate of 5
m/min. The hollow fiber-shaped extrudate thus obtained was immersed in methylene chloride for one hour to extract bis
(2-ethylhexyl) phthalate and dibutyl phthalate and was then dried. Subsequently, the extrudate was immersed in a 50%
aqueous solution of ethyl alcohol for 30 minutes to make the extrudate hydrophilic. Further, the extrudate was immersed
in a 20% aqueous solution of sodium hydroxide at 70°C for one hour to extract the hydrophobic silica and was then
subjected to water washing and drying.

[0044] The properties of the hollow fiber membrane thus obtained are shown in Tables 1 and 2. Measurement of the
membrane indicates that the relationship between BP and water flux per unit wall thickness is above the curve shown
in FIG. 1.

Example 2 (This Invention)

[0045] 25.0% by weight of hydrophobic silica (Japan Aerosil R-972, trade name) having a MW of 50%, an average
primary particle diameter of 16 nm and a specific surface area of 110 m2/g; 28.0% by weight of bis(2-ethylhexyl) phthalate
having a SP of 8.9; and 7.0% by weight of dibutyl phthalate having a SP of 9.4 were blended together in a Henschel
mixer. To the resulting blend, 40.0% by weight of polyvinylidene fluoride (Kureha KF Polymer #1000, trade name) having
a Mw of 242,000 and a melting point of 177°C was added, followed by further blending with each other in said Henschel
mixer. Except for use of the resulting blend, a hollow fiber membrane was prepared in the same way as described in
Example 1.

[0046] The properties of the hollow fiber membrane thus prepared are shown in Tables 1 and 2. Measurement of the
membrane indicates that the relationship between BP and water flux per unit wall thickness is above the curve shown
in FIG. 1.

Example 3 (This Invention)

[0047] 22.9% by weight of hydrophobic silica (Japan Aerosil R-972, trade name) having a MW value of 50%, an
average primary particle diameter of 16 nm and a specific surface area of 110 m2/g; 25.7% by weight of bis(2-ethylhexyl)
phthalate having a SP of 8.9; and 6.4% by weight of dibutyl phthalate having a SP of 9.4 were blended with each other
in a Henschel mixer. To the resulting blend, 45.0% by weight of polyvinylidene fluoride (Kureha KF Polymer #1000, trade
name) having a Mw of 242,000 and a melting point of 177°C was added, followed by further blending with each other
in said Henschel mixer to obtain a blend. Except for the specific blend, a hollow fiber membrane was prepared in the
same way as described in Example 1.

[0048] The properties of the hollow fiber membrane thus prepared are shown in Tables 1 and 2. Measurement of the
membrane indicates that the relationship between BP and water flux per unit wall thickness is above the curve shown
in FIG. 1.

Example 4 (Comparative)

[0049] Example 1 was repeated to prepare a hollow fiber membrane except for melt kneading the pellets at 230°C by



10

15

20

25

30

35

40

45

50

55

EP 1 897 606 A2

use of a twin-screw extruder having a barrel diameter of 30 mm.

[0050] The properties of the hollow fiber membrane thus prepared are shown in Tables 1 and 2. Measurement of the
membrane indicates that the relationship between BP and water flux per unit wall thickness is below the curve shown
in FIG. 1.

Example 5 (Comparative)

[0051] Example 2 was repeated to obtain a hollow fiber membrane except for a 10 cm distance for air cooling imme-
diately after melt extrusion process by use of a hollow fiber production apparatus equipped with an annular die nozzle
having an outside diameter of 5.8 mm and an inside diameter of 3.5 mm.

[0052] The properties of the hollow fiber membrane thus prepared are shown in Tables 1 and 2. Measurement of the
membrane indicates that the relationship between BP and water flux per unit wall thickness is below the curve shown
in FIG. 1.

Table 1
BEHP
Composition (w-t.%) Resin Temp. (°C) | Air Cooling Distance (cm)
Silica | BEHP | DBP | PVDF
Example 1 (This Invention) | 23.1 30.7 6.2 40.0 250 30
Example 2 (This Invention) | 25.0 28.0 7.0 40.0 250 30
Example 3 (This Invention) | 22.9 25.7 6.4 45.0 250 30
Example 4 (Comparative) | 23.1 30.7 6.2 40.0 230 30
Example 5 (Comparative) | 25.0 28.0 7.0 40.0 250 10
Table 2
OD/ID (mm) | Average Pore Dia. BP (0.1MPa) Max.Pore Dia. Water Flux Per
(pm) (pm) Unit Wall
Thickness
(1/m/hr/0.1MPa)
Example 1 (This 3.9/2.6 0.39 1.38 0.63 2.4
Invention)
Example 2 (This 3.9/2.6 0.24 2.30 0.38 1.00
Invention)
Example 3 (This 3.9/2.6 0.17 3.25 0.27 0.43
Invention)
Example 4 3.9/2.6 0.46 1.18 0.74 2.37
(Comparative)
Example 5 3.9/2.6 0.22 2.50 0.35 0.72
(Comparative)

Industrial Applicability

[0053] The membrane of the present invention is a porous hollow fiber polyvinylidene fluoride resin membrane having
a large inside diameter and a large wall thickness. The membrane is especially useful for filtration of highly viscous
liquids because of excellent water permeability. The large inside diameter makes it possible to reduce pressure loss in
membrane bore to a lower level, the large wall thickness which results in excellent pressure resistance makes it possible
to apply high filtration pressure to the membrane, and further, the excellent water permeability makes it possible to highly
concentrate the highly viscous liquids with great efficiency. The membrane of the present invention makes it possible
to efficiently perform solid-liquid separation while filtering such a liquid even though crystallization is apt to occur at low
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temperatures as the viscosity of the liquid is increased because of lowered filtration temperatures. Therefore, the mem-
brane of the present invention may be applied to purification of vegetable oils such as sunflower oil, rapeseed oil and
the like; purification of mineral oils and chemicals; recovery of useful substances from fermentation broths in the production
of beer, sugars and the like; and recovery of useful substances from fermentation broths in the manufacture of amino
acids and the like. The membrane of the present invention makes it possible to achieve higher concentrations of liquids
than have been possible with conventional membranes, so that the inventive membrane is expected to see an expanded
application field for filtration of highly viscous liquids.

Claims
1. A process for producing a porous hollow fiber polyvinylidene fluoride resin membrane, which comprises:

- blending a polyvinylidene fluoride resin with an organic liquid and an inorganic particulate material,

- heat melting the resulting blend at a temperature of 60°C or more above the melting point of the resin during
the melt extrusion process, and continuously extruding the molten blend in the form of a hollow fiber, and

- passing the resulting hollow fiber-shaped extrudate through the air between the hollow fiber spinning nozzle
and a cooling bath, and taking up said extrudate.
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